U (1) X SSM is the extension of the minimal supersymmetric standard model(MSSM) and its local
I. INTRODUCTION
From the cosmological observations, astronomers are sure of the existence of dark matter in the universe, where the dark matter is about five times that of visible matter contribution [1] . The various luminous objects (stars, gas clouds globular clusters or entire galaxies) move faster than one expects [2] . These observations are the earliest and most convincing evidence for dark matter [3, 4] . Dark matter must be electrically and color neutral, and can only take part in weak interactions. Dark matter is stable and has a long life [5] . Up to now, people have not known the mass and interaction properties of the dark matter.
Though the standard model(SM) achieves great success with detection of the CP-even Higgs(125.1GeV) [6] , it can not explain the relic density of dark matter in the universe.
The relic density of light neutrinos with tiny mass is Ω ν h 2 ≤ 0.0062 at 95% confidence level, that is much smaller than non-baryonic matter density Ω ν h 2 = 0.1186 ± 0.0020 [7] . So there must exist new physics beyond the standard model! There are several dark matter candidates: axions, sterile neutrinos, primordial black holes and weakly interacting massive particles(WIMPs) [8] . WIMP is one of the most popular candidates for dark matter, whose detection is crucial for both distinguishing new physics models and understanding the nature of dark matter. The direct detection for dark matter is to study the recoil energy of nuclei caused by the elastic scattering of a WIMP off a nucleon.
As one of the favorite dark matter candidate, the neutralino in the minimal supersymmetric standard model(MSSM) has been extensively studied [9] . However, the left-handed sneutrino meets severe troubles, because the cross section for elastic scattering off nuclei exceeds the experimental limit about several orders with the exchange of vector boson Z [10] .
Considering the neutrino oscillations, we find that neutrino should possess tiny mass [11] .
In order to obtain light neutrino mass, one can add right-handed neutrino to the MSSM.
The supersymmetric partners of the right-handed neutrinos will produce an alternative dark matter candidate [12] . The sneutrino dark matter is researched in the extension of NMSSM by the authors [13] , and there are also other works of sneutrino dark matter [14] [15] [16] .
The U(1) extensions of the MSSM are researched in the works [17] , and they attract interests of theoretical physicists. In this work, we extend MSSM to U(1) X SSM, whose local gauge group is SU(3) C × SU(2) L × U(1) Y × U(1) X [18] . Comparing with MSSM, U(1) X SSM has more superfields: righ-handed neutrinos and three SU(2) L singlet Higgs superfieldŝ η,η,Ŝ. The righ-handed neutrinos can produce tiny masses to light neutrinos through see-saw mechanism. The little hierarchy problem in MSSM is relieved in U(1) X SSM by the right-handed neutrinos and sneutrinos. The added parameters mitigate the constraints from experiments such as LHC. Comparing with MSSM, there are more dark matter candidates in the U(1) X SSM.
After this introduction, we introduce the U(1) X SSM in detail in section II. Supposing the lightest CP-even sneutrino as dark matter candidate, we study its relic density in section III. Section IV is used to research the direct detection for sneutrino in the nuclei. The numerical results for Higgs masses, relic density for dark matter and its direct detection are all collected in section V. In section VI, we show our discussion and conclusion.
The local gauge group of the
To obtain U(1) X SSM more superfields: right-handed neutrinosν i and three Higgs singletsη,η,Ŝ are added to MSSM. It can give light neutrino mass at tree level through see-saw mechanism.
The neutral CP-even parts of H u , H d , η,η, S mix together and form 5 × 5 mass squared matrix. The loop corrections to the lightest CP-even Higgs are very important, that are taken into account to get 125 GeV Higgs mass [19] .
Here we show the superpotential in this model
There are two Higgs doublets and three Higgs singlets, whose concrete forms are shown in the follow, 
The soft breaking terms are
The particle content and charge assignments for U(1) X SSM are shown in the table 1.
We use Y Y representing the U(1) Y charge and Y X representing the U(1) X charge. As shown in the book an introduction to quantum field theory [20] , the standard model is anomaly free. The details of the demonstration for U(1) X SSM anomaly free are shown here.
1. The anomaly of three SU(2) gauge bosons vanishes as in the SM and the condition of three SU(3) gauge bosons is similar.
2. The anomalies containing one SU(3) boson or one SU (2) boson are proportional to
The mass squared matrix for CP-odd Higgs in the basis (σ d , σ u , σ η , ση, σ s ) is shown in the appendix and diagonalized by Z A . The neutral CP-even Higgs φ d , φ u , φ η , φη and φ S mix together and form 5 × 5 mass squared matrix which is diagonalized by Z H . Their concrete forms are also collected in the appendix. As discussed in the MSSM, the loop corrections to the lightest CP-even Higgs mass are known to be large. Therefore, we include the leading-log radiative corrections from stop and top particles [19] . The mass of the lightest Higgs boson can be written as
with m 
α 3 is the strong coupling constant. MT = √ mt 1 mt 2 and mt 1,2 are the stop masses.Ã t = A t − µ cot β and A t is the trilinear Higgs stop coupling.
The neutrino mass matrix is deduced in the base (ν L ,ν R )
and it is diagonalized by the matrix Z ν through the formula
The mass matrix for CP-even sneutrino (φ l , φ r ) reads as
To obtain the masses of sneutrinos, we use Z R to diagonalize M 2 ν R . The mass matrix for CP-odd sneutrino (σ l , σ r ) is also deduced here
With the matrix Z I , we can diagonalize the mass squared matrix of sneutrino M 2 ν I . In the same way, the mass matrix for slepton with the basis (ẽ L ,ẽ R ) is diagonalized by
The mass matrix for neutralinos in the basis:
This matrix is diagonalized by Z N :
Here, we show some needed couplings in this model. The CP-even Higgs couples with CP-even sneutrinos
The CP-odd Higgs interact withν I andν R , whose concrete form is
The coupling of two CP-even Higgs and two CP-even sneutrinos reads as
We also deduce the vertexes ofν
To save space in the text, we collect the other vertexes in the appendix.
III. RELIC DENSITY
In this subsection, we suppose the lightest mass eigenstate (ν R 1 ) of CP-even sneutrino mass squared matrix in Eq. (23) as a dark matter candidate and calculate the relic density.
Any WIMP candidate has to satisfy the relic density constraints. Theν R 1 number density nνR 1 is governed by the Boltzmann equation [24, 25] 
ν R 1 can both self-annihilate and co-annihilate with another species φ. When the annihilation rate ofν R 1 becomes roughly equal to the Hubble expansion rate, the species freeze out at the temperature T F .
With the supposition M φ > MνR
Then it becomes
We study its annihilation rate σv SA and σv CA and its relic density Ω D by the thermal dynamics of the Universe. The self-annihilation cross section σ(ν
→ anything) and co-annihilation cross section σ(ν R 1 φ → anything) should be calculated. In the center of mass frame, their results can be written as σv rel = a + bv 2 rel , with v rel denoting the relative velocity of the two particles in the initial states. It is a good approximation, to calculate the freeze-out temperature(T F ) from the following formula [27, 28] The formula for the density of cold non-baryonic matter can be simplified in the following form [29] Ω
and its value should be Ω D h 2 = 0.1186 ± 0.0020 [7] .
The dominate processes for the self-annihilation are:ν 2, 3 , h representing the lightest CP-even Higgs. ν i denote three light neutrinos. The studied co-annihilation processes read as:
IV. DIRECT DETECTION
The main scattering processes of CP-even sneutrinos off nucleons areν R + q →ν R + q andν R + q →ν I + q. For the first type processν R + q →ν R + q, the exchanged particles are CP-even Higgs. While for the second type processν R + q →ν I + q, the exchanged particles are vector bosons Z and Z ′ . The CP-odd Higgs boson contributions are much smaller than the contributions from CP-even Higgs boson and can be neglected safely [30] .
After the deduction, we obtain the operatorsν R * νRandν R * ∂ µν Rq γ µ q at the quark level.
To get the final results, we should convert the quark level coupling to the effective nucleon coupling. For the operatorν R * νRq q, the used formulae are shown here [30] 
f N includes the coupling to gluons induced by integrating out heavy quark loops. The numbers of f (N )
T q are collected here [31] ,
T s = 0.0447,
T s = 0.0447.
It is easy to convert the operator b qν R * ∂ µν Rq γ µ q to b Nν R * ∂ µν RN γ µ N through the following formulas
With the obtained f N , one gets the nucleon cross section
Here Z p is the number of proton, and A represents the number of atom.
V. NUMERICAL RESULTS
In this section, we study the numerical results. LHC searches constrain severely the models with an extra Z ′ . In the case of final states with taus, the lower mass limits for Z The authors [35] give the upper bound on the ratio between M Z ′ and its gauge coupling at
TeV. tan β η is also constrained by the LHC experimental data and should be smaller than 1.5 [36] . In order to satisfy the constraints from LHC, we choose the parameters to make M Z ′ > 4.5 TeV. The constraints for supersymmetric particles that shown in Ref. [7] are also taken into account.
Considering the above constraints we use the following parameters,
Here, we take T ν , T X and M ν as diagonal matrices, for example
Firstly, we research the lightest CP-even Higgs mass including the loop corrections and discuss the other CP-even Higgs masses. Secondly, the relic density of the lightest CPeven sneutrino is calculated numerically. At last, we study the cross section for the lightest sneutrino scattering from nucleon.
A. Higgs mass
In this subsection, the used parameters are µ = 0.5 TeV, m When A t is near ±2600 GeV, the lightest CP-even Higgs mass m h ≃ 125 GeV is obtained. 
B. relic density of sneutrino dark matter
We suppose the lightest CP-even sneutrinoν To scan the parameter space better, we plot the relic density during 3σ in the plane M
L33
and T ν33 as µ = 500GeV, m With the used parameter space, the lightest CP-even sneutrino mass is about 320 GeV.
The other CP-even sneutrinos (ν 6 ) are all larger than 1900 GeV. The lightest neutralino mass is around 850 GeV. That is to sayν R 1 is the lightest supersymmetric particle, and can be the dark matter candidate.
If the mass of the virtual particle in the s-channel is around 2 * M D , the resonance annihilation will occur. The resonance annihilation strong affects the annihilation crosssection hence the relic density. In these numerical results, the mass of dark matter is M D ∼ 320 GeV. The four virtual CP-even Higgs in s-channel are all heavier than 2.5 TeV, and the lightest CP-even Higgs is about 125 GeV. It is obviously that 2 * M D is not near all the CP-even Higgs masses. So the resonance annihilation can not take place. In this subsection, taking into account the constraint from the relic density, we numerically calculate the cross section of sneutrino scattering from nucleon. In these parameter space, the lightest CP-even sneutrino is around 320 GeV, whose experiment limit for the cross section is about 10 −47 cm 2 [37] . Using the parameters v S = 3 TeV, m
TeV 2 that can satisfy the relic density constraint, we research the cross section of the sneutrino scattering off nucleon.
In Fig.(6) , the cross section versus m The solid line is upon the dotted line to small extent. The characters of the both lines are similar, and they are increasing functions of µ. As µ = −5000 GeV, the cross section is at the order of 10 −49 cm 2 . While, the cross section can reach 10 −47 cm 2 with µ near 2500 GeV.
VI. DISCUSSION AND CONCLUSION
U(1) X SSM is the extension of MSSM, and the local gauge group of
To obtain this model, righ-handed neutrinos and three Higgs superfieldsη,η,Ŝ are added to the MSSM. Through the see-saw mechanism, three tiny neutrino masses can be produced. The right-handed sneutrinos are sterile, and if they are main parts of the lightest sneutrino, it possesses the characters of cold dark matter.
In U(1) X SSM, considering the loop corrections we study the lightest CP-even Higgs masses. Due to the introduction of Higgs superfieldsη,η,Ŝ, the other CP-even Higgs masses are also discussed. With the assumption that the lightest CP-even sneutrino can be cold dark matter candidate, the relic density of dark matter and the cross section of dark matter scattering from nucleon are both studied. The virtual Higgs contributions to both the relic density and the scattering cross section from nucleon are the dominate contributions.
The numerical results imply that the parameters M 2 ν33 , M 2 L33 , T ν33 and µ are all important. The used parameter space can satisfy the dark matter experimental constraints from both the relic density and the scattering from nucleon. This work gives constraints to the parameter space of U(1) X SSM and may be benefit for the detection of dark matter.
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Appendix
In the basis (φ d , φ u , φ η , φη, φ s ), the mass matrix of CP-even Higgs reads as 
The concrete forms of the elements m φ d φ d etc in this mass matrix are shown as 
Eq. (56) is the CP-odd Higgs mass squared matrix, whose elements are 
LνIνR Z =ν 
